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(57) There is provided a catalyst for a water gas shift 
reaction in a hydrogen gas which is able to effectively 
remove CO in the hydrogen gas within a broader tem- 
perature range. 

Such a catalyst for the water gas shift reaction is 
characterized in that a metal oxide carrier supports at 
least platinum. The catalyst can be used for removing 
carbon monoxide in the hydrogen gas. Particularly, such 
a catalyst can be used in the water gas shift reaction for 
removing carbon monoxide in a reformed gas in a fuel 
cell generation system. 
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Description 

Technical Field 

Background Art 

W l00 0 21 A — 9 as which is nch in hydrogen isp^d ^^^^^^^ 
SuW or solid, or a fuel such as methanol or ^^^^Z . , ue . cell electricity generation system, 
a byproduct. The reformed gas is used for a supply ^JjJJ^V, fuel cell (or solid polymer fuel cell) is used for 
[00031 » is contemplated that among fuel oris. ^^X^^opeL, ata.owertemperature, produces 

« avehkacompactgeneratoranda^ 

a higher power density, and is expected to be impact a" gn membrane as a proton conduc- 

[00041 The polymer electrolyte fuel cell uses a pe^ W P * sjnce the polymer elec troiyte 

ive solid electrolyte and operates at a tem P eratU "^ an impurity contained in the reformed gas 

fuel cell operates at such a .ower temperature ^ t »U* t ^SSIta a fuel cel. unit is like* to be poisoned by CO, 

Ken from the fuel, and CO is selectively J^J^ t0 Jgreater than 1 %. A catalyst 

25 Tc0 2 + H 2 ) so that a concentration of CO .n the reformed gas i s usuaHy rej a ^ ^ 

concentration is thus reduced is supplied to a fuel cell unt. 

Disclosure of Invention ^ 

l<msi « s*ce an « o, *, C,Zn J — - ^ "JSZT^SS^'-i^ 
in order that the CO concentration in the hydrogen ^ rltore, i. Is ditlieolt to apply the Cu-Zn based 

IS 19 "!— has he. ^^^TJTJ^T^ZS^ 
preee t invention in to provide a catalyst lor a «Br gas « * sed ,„ lhe „t CO contained In the 

"gae praterahty wirhin a broader .empera^ ^^^e..« a »rgassn* re ac«.nwP e nCOIsr«no« 1 d 

rrp^~^^ 

oxide and chromium oxide (it is to be noted that a meta zeolite , magnesia, niobium oxide, 
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on a weight of the carrier (that is, based on a weight of the carrier itself which does not include the active component, 
which is also applicable hereinafter to the amount of the supported active component). 

[0013] According to one embodiment, rhenium is supported as another active component in addition to platinum in 
the catalyst of the present invention. In this case, an amount of supported rhenium (converted into a rhenium metal 

5 expression) is preferably between 0.1 % by weight and 1 0.0 % by weight based on a weight of the carrier 

[0014] In a further embodiment, at least one other metal selected from the group consisting of yttrium, calcium, 
chromium, samarium, cerium, tungsten, neodymium, praseodymium, magnesium, molybdenum and lanthanum is fur- 
ther supported as a further active component in the catalyst of the present invention in addition to platinum and rhenium 
optionally present as described above. In this case, an amount of the further supported active component(s) (converted 

10 into a metal expression) is in total preferably between 0.1 % by weight and 10.0 % by weight based on a weight of the 
carrier. 

[001 5] As to the catalyst according to the present invention, any suitable manner may support the active component 
on the carrier. For example, a salt of a metal which is suitable for the active component is dissolved in a suitable solvent 
such as water, and thus obtained solution is mixed with the carrier (for example in a powder form) to produce a mixture 
'5 (for example a slurry) before the mixture is dried (preferably dried by heating), so that the carrier is obtained as the 
catalyst for the water gas shift reaction on which carrier the active component is supported. 

[001 6] The obtained catalyst for the water gas shift reaction is preferably subjected to firing thereafter. In the present 
invention, firing means a treatment wherein the carrier on which the active component is supported is kept at an elevated 
temperature, and makes it possible to produce a catalyst of which activity is higher. For example, the carrier is kept at 

20 a temperature between 400 °C and 600 °C (for example, 500 °C) for a period between one hour and six hours (for 
example, two hours) in a suitable atmosphere (for example, in air or in an inert atmosphere). 
[001 7] In other embodiment, in place of of before firing, the catalyst for the water gas shift reaction which is produced 
by the above supporting is preferably subjected to a washing treatment. The washing treatment is carried out using 
water, preferably warm water and more preferably hot water (for example, boiling water). Concretely, the washing 

25 treatment is so carried out that the carrier which includes the active component thereon is dispersed in water which is 
agitated, and then the carrier is separated (for example, by filtration) followed by drying. 

[0018] In the second aspect, the present invention provides a process of producing a catalyst for a water gas shift 
reaction which removes carbon monoxide in a hydrogen gas, which process comprises the steps of: 

30 (1 ) producing a slurry by mixing a metal oxide carrier and a solution (preferably an aqueous solution) of a platinum 

salt, and 

(2) drying thus obtained slurry so as to obtain a dried carrier. According to this process, the catalyst for the water 
gas shift reaction according to the present invention as described above is produced. 

35 [0019] The process according to the present invention may further comprise the step of (3) firing the dried carrier 
thus obtained, in another embodiment, in place of orbefore carrying out the firing step, the process mayfurthercomprise 
the step of (4) washing the obtained dried carrier or the fired carrier and particularly washing it with hot water. It is 
noted that in the process according to the present invention, the platinum salt is converted to platinum as the active 
component and supported during drying the slurry drying (step (2)), and further during the firing (step (3)) and/or during 

40 the washing (step (4)). 

[0020] The explanations as to the catalyst of the present invention as described above are applicable to the metal 
oxide carrier, the amount of the supported platinum, the firing, and the washing and so on in the process of producing 
the catalyst according to the present invention. In addition, rhenium in addition to platinum may be supported by the 
carrier, in which a solution of a rhenium salt is used in place of the solution of the platinum salt. 

45 [0021] As to supporting rhenium, rhenium together with platinum may be supported by the carrier, in which an aque- 
ous solution containing both the rhenium salt and the platinum salt together is prepared (or an aqueous solution con- 
taining the platinum salt and an aqueous solution containing the rhenium salt are mixed), and the steps described 
above are carried out using the obtained solution (or the mixture). Alternatively, the above steps (1) and (2) in series 
are repeated twice wherein one component is supported first and the other component is supported subsequently so 

50 that the carrier is obtained which supports platinum and rhenium. 

[0022] In the process according to the present invention, in addition to platinum or in addition to platinum and rhenium 
as the additional active component, at least one other metal as described above may be supported by the carrier as 
a further additional active component. In this case, all of the metals may be supported together or each of the metals 
may be supported separately as in the case of rhenium as described above. It is noted that as to amounts of rhenium 

55 and the other metal to be supported, the above explanations as to the catalyst of the present invention are applicable. 
[0023] Further, in the third aspect, the present invention provides a method for removing carbon monoxide from a 
hydrogen gas containing carbon monoxide characterized in that the hydrogen gas is contacted with a catalyst for a 
water gas shift reaction which comprises a metal oxide carrier supporting at least platinum. As the catalyst for the water 
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mm and 1 .0 mm. Such carrier may be used as the catalyst for the water gas shift reaction wherein the active component 
is supported by the carrier, and CO contained in the hydrogen gas is removed using the particles. 
[0032] As to the catalyst for the water gas shift reaction according to the present invention, a supported amount of 
platinum is in the range between 0.1 % and 10 % by weight based on the carrier weight. When the supported amount 
5 of platinum is less than 0.1 % by weight, it is difficult to have a sufficient catalyst activity to convert CO in H 2 to C0 2 
through the water gas shift reaction upon the removal of CO. When the supported amount of platinum is greater than 
10.0 % by weight, the catalyst activity is not so further improved and a production cost of the catalyst often becomes 
unprofitable. 

[0033] The CO removing catalyst may be also obtained by having other active component supported on the carrier 
in addition to platinum. As such other active component, rhenium and yttrium, calcium, chromium, samarium, cerium, 
tungsten, neodymium, praseodymium, magnesium, molybdenum and lanthanum may be used. One or more metals 
selected from these metals may be supported on a zirconia carrier. When other active component(s) is supported, a 
salt of the selected active component is used in the supporting manner as described in the above. 
[0034] Upon the preparation of the catalyst for the water gas shift reaction wherein the active component(s) in addition 

'5 to platinum is supported on the carrier, when a metal(s) such as rhenium, and/or yttrium, calcium, chromium, samarium, 
cerium, tungsten, neodymium, praseodymium, magnesium, molybdenum and/or lanthanum is used as the active com- 
ponent, an aqueous solution of a platinum salt (such as chloroplatinic acid) and an aqueous solution(s) of a salt(s) of 
said other metal(s) (or an aqueous solution which contains these all salts together) are mixed with the carrier, and then 
the obtained mixture is evaporated while being stirred, and the material obtained through the evaporation is heated so 

20 as to further dry if necessary. A subsequent treatment thereafter may be similar to that in the case of having platinum 
supported as described before. When a plurality of the metals are supported on the carrier as described above, it is 
not particularly critical in which form the metals are supported on the carrier as long as the effect as to the water gas 
shift reaction is provided. Thus, the metals may be or may not be in a state of an alloy. 

[0035] By having at least one selected from the above metals in addition to platinum supported on the carrier, the 
25 catalyst activity to remove CO is increased, and hydrogen consumption is because of methanation reaction simulta- 
neously prevented. The methanation reaction in which CO reacts with H 2 to form methane occurs as a side reaction 
upon the conversion of CO in H 2 into CO s for the purpose of the removal of CO. Particularly, by having rhenium in 
addition to platinum supported, an effect to further increase the catalyst activity to remove CO is obtained. 
[0036] In this case, a supported amount of rhenium is preferably in the range between 0.1 % and 1 0.0 % by weight 
30 converted into the rhenium metal expression based on the carrier weight. As to the metal(s) other than rhenium, a 
supported amount of such metal(s) is preferably in the range between 0.1 % and 1 0.0 % by weight of the total of such 
metal(s). When the supported amount of such metal(s) is less than 0.1 % by weight, it is difficult to have a sufficient 
effect to prevent the methanation reaction. When the supported amount of such metal(s) is greater than 10.0 % by 
weight, the effect to prevent the methanation reaction is not so further improved and a production cost of the catalyst 
35 becomes unprofitable. 

[0037] In the above description, the active component such as platinum is supported by adding the aqueous solution 
of the salt of the active component to the carrier followed by evaporating the solution, further heating to dry and then 
firing the carrier. However, the catalyst for the water gas shift reaction according to the present invention may be 
produced by washing and particularly washing with hot water the carrier after evaporating or further heating. That is, 

40 the catalyst comprising the carrier supporting platinum and optionally the other metal(s) is stirred in the hot water (at 
a temperature between 80 °C and 1 00 °C, preferably boiling water) for a predetermined period (for example one hour) 
followed by filtration so as to separate the catalyst. After repeating such washing several times (and preferably until 
filtrate gets clear) and then drying, a catalyst is produced. Alternatively, the dried catalyst may be pressed into the form 
of pellets, and thus obtained pellets may be pulverized into particles having a diameter between 0.5 mm and 1 .0 mm 

4 5 so that the catalyst for the water gas shift reaction wherein the carrier supports platinum is obtained. When washing, 
and particularly washing with the hot water is carried out as described above, the subsequent firing may be or may not 
be carried out. 

[0038] By carrying out washing as described above, it is contemplated that what is present in the carrier and able to 
adversely affect the CO removal through the water gas shift reaction (for example, a material which is resulted from 
50 the carrier or the active component salt such as a chlorine ion) is reduced or removed from the carrier so that the 
catalyst activity to remove CO is further increased. For example, the adverse effect induces conversion degradation, 
selectivity degradation and increase of a by-product(s). 

[0039] It is generally noted that when the water gas shift reaction is conducted while using the catalyst according to 
the present invention, the catalyst is preferably subjected to a reduction treatment prior to conducting the water gas 
55 shift reaction since the active metal may have been oxidized. The reduction treatment may be carried out in any suitable 
manner, and for example in a manner wherein the catalyst is contacted with hydrogen at an elevated temperature. 
[0040] According to the present invention, the catalyst for the water gas shift reaction produced as described in the 
above is able to be used in a water gas shift reaction unit wherein CO is removed from a reformed gas which is rich 
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to a firing treatment using a firing furnace wherein it was heated to a temperature of 500 °C in one hour in an air flow 
of 60 ml/min., and kept at that temperature for one hour. 

[0051 J Then , thus obtained powder was pressed at a pressure of about 3600 kg/cm 2 for 1 0 seconds using a manually 
operated press, and obtained pellets were pulverized into particles of which diameter was in the range between 0.5 
s mm and 1 .0 mm, whereby a catalyst for the water gas shift reaction was obtained which supported platinum of 3 % by 
weight (based on the carrier weight) on the zirconia carrier. 

[0052] It is noted that by variously changing a charged amount of the aqueous solution of chloroplatinic acid, catalysts 
for the water gas shift reaction (Pt/Zr0 2 catalysts) were produced of which supported amounts of platinum are different 
as shown in Table 1 below: 

10 



Table 1 





supported amount of platinum 


Example 1 


0.5 % by weight 


Example 2 


1 .0 % by weight 


Example 3 


3.0% by weight 


Example 4 


5.0 % by weight 


Example 5 


8.0 % by weight 



[0053] As to the above catalysts according to Examples 1 to 5, their performances to remove CO were estimated 
as follows: 

[0054] The catalyst (0.7 ml) was charged into a reaction tube, which was heated to a temperature of 500 °C in one 
25 hour and kept at that temperature for one hour while flowing hydrogen through the tube, so that a reduction treatment 
of the catalyst was carried out. Then, the temperature was lowered to 200 °C in one hour while flowing helium followed 
by stopping the flow of helium, and a CO containing gas in which H 2 0 and CO was mixed in a molar ratio (H 2 0/CO) 
of 1 .3 was supplied to the tube at a condition of 3650 (1/hr) SV (space velocity) based on CO so that the water gas 
shift reaction was performed at a temperature of 200 °C, whereby a CO removing experiment was initiated. 
30 [0055] After the reaction got stable, gas samples were obtained at an inlet and an outlet of the tube, and analyzed 
by means of a gas chromatography (thermal conductivity detector) so that a conversion ratio of CO into C0 2 (CO 
conversion) was obtained. Further, the reaction temperature was elevated to 250 °C, 300 °C and 350 °C. Similarly to 
the above, samples were obtained after the reactions became stable, and analyzed whereby obtaining the CO con- 
versions. 

35 [0056] It is noted that a CO removing experiment as Comparative Example was also carried out similarly to Examples 
1 to 5 except that a Cu/ZnO catalyst ("N211" manufactured by Nikki Chemical Co., Ltd.) was used and the reduction 
treatment was carried out at a temperature of 300 °C. The results are shown in Fig. 1 . 

[0057] Next, aging of the catalysts was measured. This measurement was carried out as to the catalysts according 
to Examples 3 and 4 and Comparative Example. After carrying out the reduction treatment first as described above, 
40 the temperature of the reaction tube was lowered to 250 °C in one hour followed by stopping the helium supply, and 
the CO containing gas was supplied as in the above. After the reaction got stable, gas samples were obtained at the 
inlet and the outlet of the tube every 30 minutes, and analyzed by means of a gas chromatography so that CO con- 
versions were obtained. The results are shown in Fig. 2. 

[0058] It is seen from Fig. 1 that there is not so large difference in the catalysts between the Examples and Corn- 
45 parative Example at a temperature of 200 °C, but the Pt/Zr0 2 catalyst of each Example (especially the catalyst having 
a larger supported amount) has a larger activity than the Cu/ZnO catalyst of Comparative Example. In addition, it is 
seen from Fig. 2 that the activity of Cu/ZnO catalyst of Comparative Example gradually decreases just after start of 
the experiment while the activity of Pt/Zr0 2 catalyst of Example 3 or 4 does not decrease. 

[0059] Therefore, it is contemplated that when considering Figs. 1 and 2, the catalyst according to the present in- 
50 vention has a CO removing performance which is more effective than that of the catalyst of Comparative Example. 

Example 6 

[0060] A predetermined amount of the zirconia carrier which was prepared in Examples 1 to 5 was charged into an 
5 5 evaporating dish located above a water bath. Pure water was added to the carrier and they are mixed intimately. An 
aqueous solution of chloroplatinic acid hexahydrate (manufactured by NACALAITESQE INC.) and an aqueous solution 
of lanthanum nitrate hexahydrate (manufactured by Wako Pure Chemicals Industries, Ltd.) were added to the evapo- 
rating dish, and pure water was further added to reach predetermined concentrations. The dish was located above the 
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Table 3 (continued) 





supported amount of Pt (wt %) 


other active component 


supported amount (wt %) 


Example 16 


3.0 


molybdenum 


5.0 


Example 17 


3.0 


rhenium 


1.0 


Example 18 


3.0 


rhenium 


3.0 



[0064] As to the catalysts according to Examples 6 to 16 and Example 3 prepared as described above, the CO 
removing experiments were carried out similarly to those as described above. The results are shown in Fig. 3. Fig. 3 
shows a reaction selectivity which is a ratio of CO converted to C0 2l not to CH 4 , upon the CO removal through the 
conversion of CO to C0 2 at a reaction temperature of 350 °C, and it is seen that the catalysts according to Examples 
6 to 16 have higher reaction selectivities than the catalyst according to Example 3 which supports only platinum. 

Example 17 

[0065] A predetermined amount of the zirconia carrier which was prepared in Examples 1 to 5 was charged into an 
evaporating dish located above a water bath. Pure water was added to the carrier and they are mixed intimately. An 
aqueous solution of ammonium perrhenate (manufactured by Mitsuwa Chemicals Co. Ltd.) was added to the evapo- 
rating dish, and pure water was further added to reach a predetermined concentration. The dish was located above 
the water bath while stirring so as to dry at a temperature of about 100 °C for at least 15 hours, during which a metal 
salt depositing on a wall of the evaporating dish were washed away with pure water into the bottom of the dish. Such 
depositing salt arose with proceeding of the water evaporation. As a result, rhenium was supported by the zirconia 
carrier. 

[0066] Then , using the zirconia carrier supporting rhenium, platinum was supported by the carrier similarly to Exam- 
ples 1 to 5, so that a catalyst for the water gas shift reaction was obtained wherein the zirconia carrier supported 3.0 
% by weight of platinum and 1 .0 % by weight of rhenium. 

Example 18 

[0067] Similarly to Example 17 except that an added amount of the aqueous solution of ammonium perrhenate 
(manufactured by Mitsuwa Chemicals Co. Ltd.) was changed, a catalyst for the water gas shift reaction was obtained 
wherein the zirconia carrier supported 3.0 % by weight of platinum and 3.0 % by weight of rhenium. 
[0068] As to the prepared catalysts of Examples 17 and 18 and Example 3 and Comparative Example, the CO 
removing experiments were carried out similarly to the above. The results are shown in Fig. 4. It is seen from Fig. 4 
that the catalysts of Examples 17 and 18 have high activities, and they are highly active even at a temperature equal 
to or lower than 250 °C. 

Example 19 

[0069] A predetermined amount of the zirconia carrier which was prepared in Examples 1 to 5 was charged into an 
evaporating dish located above a water bath. An appropriate amount of pure water was added to the carrier and they 
are mixed intimately. An aqueous solution of chloroplatinic acid (manufactured by NACALAI TESQE INC.) was added 
to the evaporating dish, and pure water was further added to reach a predetermined concentration. The dish was 
located above the water bath while stirring so that evaporation to dryness of the contents in the dish was carried out 
for one hour, during which a metal salt depositing on a wall of the evaporating dish were washed away with pure water 
into the bottom of the dish. Such depositing salt arose with proceeding of the water evaporation. The obtained material 
through the evaporation to dryness was dried dry at a temperature of about 100 °C for at least 15 hours. 
[0070] The catalyst thus obtained was stirred in hot water (at a temperature of about 100 °C) for about one hour 
followed by settling and filtrating the catalyst. This process was repeated until the filtrate became clear. Then, the 
filtrated catalyst was dried at a temperature of 1 00 °C for at least 15 hours. 

[0071] Then, thus obtained catalyst was pressed at a pressure of about 3600 kg/cm 2 for about 1 0 seconds using a 
manually operated press, and obtained pellets were pulverized into particles of which diameter was in the range be- 
tween 0.5 mm and 1 .0 mm, whereby a catalyst for the water gas shift reaction was obtained which supported platinum 
of 3.0 % by weight on the zirconia carrier 

[0072] As to the prepared catalyst of Examples 1 9, the same activity aging experiment was carried out similarly to 
the experiments as to the catalysts of Examples 3 and 4 and Comparative Example, The results are shown in Fig. 5. 
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[0082] The results are shown in Fig. 7. It is seen from Fig. 7 that the CO removal of Example 28 shows a further 
higher CO removal compared with the Comparative Example. 

Example 29 

5 

[0083] A reformed gas rich in hydrogen which was produced from a butane gas as a hydrocarbon based fuel and 
steam through the steam reforming reaction was contacted with the catalyst for the water gas shift reaction according 
to Example 1 7, and then contacted with an Ru-based selective oxidation catalyst, and thus obtained reformed gas was 
supplied to a polymer electrolyte fuel cell. An amount of the reformed gas supplied to the fuel cell was 11 .6 liters/min. 
10 according to an integrating flowmeter, and electricity generation of the fuel cell was estimated using an electronically 
loading device (electronic load device). 

[0084] Generation performance of the fuel cell is shown in the following table: 



current 


voltage 


electric power generation 


20 amperes 


16.8 volts 


336 watts 



[0085] As seen from the above table, it is confirmed that in the fuel cell system of Example 29 the electricity generation 
is possible by means of the fuel cell using the reformed gas obtained by the steam reforming reaction of the fuel and 
20 through the water gas shift reaction and the selective oxidation reaction. 



Claims 

25 1 - A catalyst for a water gas shift reaction characterized in that at least platinum is supported on a metal oxide carrier. 

2. The catalyst for the water gas shift reaction according to claim 1 characterized in that the metal oxide carrier is 
at least one selected from the group consisting of zirconia, alumina, titania, silica, silica-magnesia, zeolite, mag- 
nesia, niobium oxide, zinc oxide and chromium oxide. 

30 

3. The catalyst for the water gas shift reaction according to claim 1 or 2 characterized in that an amount of supported 
platinum is between 0.1 % by weight and 10.0 % by weight based on a weight of the metal oxide carrier. 

4. The catalyst for the water gas shift reaction according to any one of claims 1 to 3 characterized in that rhenium 
35 in addition to platinum is further supported on the metal oxide carrier. 

5. The catalyst for the water gas shift reaction according to claim 4 characterized in that an amount of supported 
rhenium is between 0.1 % by weight and 1 0.0 % by weight based on a weight of the metal oxide carrier. 

40 8. The catalyst for the water gas shift reaction according to any one of claims 1 to 5 characterized in that at least 
one metal selected from the group consisting of yttrium, calcium, chromium, samarium, cerium, tungsten, neo- 
dymium, praseodymium, magnesium, molybdenum and lanthanum is further supported on the metal oxide carrier 
in addition to platinum and rhenium which is optionally present. 

45 7. The catalyst for the water gas shift reaction according to claim 6 characterized in that an amount of said supported 
metal is between 0.1 % by weight and 1 0.0 % by weight based on a weight of the metal oxide carrier. 

8. The catalyst for the water gas shift reaction according to any one of claims 1 to 7 characterized in that the catalyst 
has been subjected to a hot water treatment after supporting platinum and optional other metal on the metal oxide 

so carrier. 

9. A method for removing carbon monoxide in a hydrogen gas characterized in that the hydrogen gas which contains 
carbon monoxide is contacted with a catalyst for a water gas shift reaction in which catalyst at least platinum is 
supported on a metal oxide carrier. 

55 

10. The method for removing carbon monoxide according to claim 9 characterized in that the catalyst for the water 
gas shift reaction according to any one of claims 1 to 8 is used. 
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' to any one of claims 1 to 8 is used. 
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Fig. 1 
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Fig. 2 
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Fig. 4 
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Fig. 7 
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